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T'ind-tunnel t e s t s  were made to  aetemine the lml-speecl L i f t ,  
drag, and pitchj2g-moment characterist ics of a 40' swept-back wing 
tested with high-1i.X and stall-control f l aps  and tested wit.h a 
fusehge having a fineness r a t io  of 10.2 to  18. The wing had an 
aspect ra t io  OT 4, t q e r  ra t io  of 0.627, m d  NACA 641-112 sections 
perperxYi.cular t o  the qnarter-cho:rd- l ine.  
control f laps  tested on the wing without the fuselage a t  Reynolds 
nmbers of 3,000, COO and. 6, e00,OOO included semispm- normal s p l i t  
flaps, semispan s p l i t  f laps hinged a t  the wing t ra i l ing  edge, 
constant-chord LeWIing-edge flags, .mil uTger-mrface Plays. Lov-, 
middle- anr7, h i  -wing-fuselaf.;e combinations w e m  tested at Re.ynoLds 
numbers of 3,OO COO and 8,100,000 

High-lift and stall-  

A t  a fieynolds number of 6,eOo,ooo, the mmlmum l i f t  coefficients 
of the d n g  with no flaps? with semispan nom&. s p l i t  f l a p  and with 
semispan s - p l i t  flaps hinge& a t  the t r a i l i ng  edge of the wing were 
1. .11, 1.32, and 1.40, respectively. 
by the add.ition of 0.725-spm outboar6 lead-ing-edge f l a p  were 3.29, 
1.5$9 and 1.73. The leadinn-edge f l a y s  tested eliminated both the 
t i p  s ta l l ing  and longitudinal instabi l i ty  tha t  were obtained a t  
maxiam l i f t  with the plain Wng. 
as teated-, caused a large rearwaxl sh i f t  In aercdynasnic-center 
location but were unsatisfactory Because of  large reductions in  
lift, larye chnncses in. t r f m ,  Large increases j.n drag, and no 
imyrovement, of  the wing-tla s ta l l ing characteristics. 

W e  corresponding values obtained 

The o u t t o a d  v$per-surface fla.ps, 

A t  both low and. high Reynolds num'bera the fuselacge in the low-, 
mid-dle-, and high-wing nos?-tions ha4 l t t t l e  effect  on l i f t .  a d  stallinn, 
csnd at low angles of attack, moved the aerodynmic center ahead as much 
as 3 percent of the mean aerodynmic chori2. Near mximwn l i f t  and 
a t  a Xe:;noZds nLmber of 8,100,000, the  forward sh i f t  of the 
aerodynamic center with f laps  off varied from about 3 percent for 
the low-wing posi?;ion t o  13. percent for the high-wing position. 
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In the h i&- l i f t  range, the incyease in  drag coefficient caused by 
adding the fuselage i n  any position t o  the unflapped. wing amounted 
t o  only O.CQ50. 

INTRODUCTXOM 

The low-speed aerodpamlc characteristics of' a 40' swept-back 
wing of aspect ra t io  4, taper ra t io  0.625, and NACA 641-112 sections 
were reported i n  reference I., This wing, l ike many swept-back wings, 
was longitudinally unstable a t  the s t a l l  because of wing-tip s ta l l ing 
and had relatively low values of maximum l i f t  coefficient even with 
Etemispan sg l i t  f laps,  In  an attempt t o  alleviate t i p  s ta l l ing and/or 
increase the maximum lift, tes t s  have been ma4e of the wing equipped 
with leading-edge flaps, outboax-a uuper-surfacel flaps, and s p l i t  
flam hinged a t  the wing t ra i l ing ed.ge. 
Reynolds number value EI of 3,040 , 000 and 6,840,000 

In order to  investigate the effect of  a fuselage on the aero- 
dynmic characteristics of the wing, tes t s  have also been made of 
this  wing w i t h  a fuselage i n  low, middle, and high ?ositions. The 
tes t s  were made t o  determine the characteristics i n  pitch a t  Reynolds 
number vahes  of 3,040,000 and 8,090, 000 

These t e s t s  were made at  

COEFFICIE2JTS AND SYMBOLS 

All data are referred t o  the wind a x w .  The dimensions used 
i n  computing a l l  coefficients are those f o r  the basic wing. 

l i f t  coefficient (L/qs) CL 
increment i n  maximum l i f t  coefficient Ac%nax 

CD drag coefficient (D/qS) 

cnl pitching-moment coeff icien-b (M/qSE) 

rolling-moment coefficient (L ' /qSb) 

R Reynolds number ( pVC/p) 

M Mach number (V/a) 

U angle of attack of wing chord l ine 
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where 

3 

l i f t  

drag 

pitching moment (about quarter chord of mean aerodymltnic 
chord) 

rol l ing moment 

wing area 

wing' span 

mean awodyaamic chord meaaured pmallel  t o  the plane 

distczslcs %%om the leadfng edge of the root chord (at  the 
plane of symneti-y) t o  the quarter-chord point of' the  

mean aerodynamic chord (g I" c: 2) 
Longi-kudLnal dls tmce from the leadhg edge of root 

chord t o  quarter-chord point of each section parallel 
t o  plane of: symmetry 

local chord neasured parallel  t o  the plane of symmetry 

fipanwise coordinate 

f ree-s t rem dynamic pressure ( p) 
free- stream velocity 

ma8s density of air, sluga per,cubic foot 

coefficient of viscosfty 

velocity of sound 



4 

m m  

The plan and side vfews of the wing and fuselage are shorn i n  
figure I. The angle of sweep of the quarter-chord l i ne  
i s  40° and the wing sections perpendicular t o  the 
l i ne  are IYACA 641-112 section The quar%er- 
wing panel is herein defined as the quarter-c 
panel which has been rotated kO0 about the quarter-chord point of 
its root chord. The aspect ra t io  i s  4.01 and the taper ra t io  I s  
0.625, The wing has no geometric dihedral or t w i s t ,  

The instal la t ion of the various high-l t f t  and stall-control 
f laps  on the wing are shown i n  figure 2. The n o w  s p l i t  f laps  
(fig.. 2(a)) -artend over the  inboftrd 70 percent of the wfng ~ p m ,  
For the fuselage-on t ea t s  a section of the f lap  (12.3 percent of 
the w2ng span) was removed at  the wing center, The f l a p  chord is 
20 percent of the wbg chord nomal t o  the quarter-chord line, and 
the f lap  deflection with reBpeot t o  the &-percent wing-chord 
(hinge) l i ne  is  600, measured between the wing lower surface and 
the flap. The mme f laps  were tested i n  an extended arrmgemnt 
shown i n  figure 2fb) where the hinge l ine wa8 moved t o  the wing 
t r a i l i ng  edge. 
f laps.  The flaps were fabricated o f  sheet metal. 

The deflection duplicated tha t  of the n o m  s p l i t  

The dimensions of the leading-edge f lap  are given i n  figure 2( c )  
Sheet metal was curved, welded t o  a 4-inch-diameter s t ee l  tube at  
the leading edge, then faired t o  give the deslred contour, The 
radius of the tube is, on the average, equal t o  the leadfng-edge 
radius of the a i r fo i l .  
smoothly into the upper wing surface by means of modeling clay. 
(See f i g .  3 . )  A s  measured i n  a plane perpendicular t o  the wing 
quarter-chord l ine,  a l i ne  connecting the lead-ing edge of the wing 
with the leading edge of the f lap has a 50° incidence w i t h  the wing 
chord. m e  length of the l ine is 3.19 inches, which i n  terms of' 
the local wing chord, corresponds t b  10 percent at  the inboard end 
of the f lap  and 14.3 percent at the outboard end. The complete 
f lap span is  72.5 percent of the wing semispan. The inboard end 
is  located a t  25 percent of the wing semispan and the f lap  extends 
t o  97.5 percent wing semispan (where the wing t i p  start8 t o  round 
off) .  
removed t o  give a f lap  span of 57.5 percent of the wing semispan. 
Figure 3 shows the f lap  mounted on the wing. 

The f lap  has a constant chord. and was faired 

Some t e s t s  were made with an inboardl section of the f lap  

The 20-percent-chord sheet-metal upper-surface flap, shown in  
figure 2(d), deflects up and back from the wing t ra i l ing  edge ant€ 
was tested only i n  conjunction w i t h  the extended s p l i t  f laps.  The 
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flap deflection measured in  a plane perpenilicthr t o  the wing 
quarter-chord l ine  is 60° with respect to  a plane tangent t o  the 
wing-upper-surf ace 83 percent-chord station 

The fuselage has a finenesa ra t io  of 10.2 t o  1 and a circular 
cross section the maximwz diameter being 40 percent of the root , 

chord ( f ig .  lj The iection of the fuselage intersected by the &ng 
has a constant diamett?r. Percentages of t h i s  diameter are used t o  
fix the three ver t ical  locat%ons of the w3ng root quarterachord 
point with respeck to  the fuselage center line. They are: -37.5 per- 
cent below, zero percent, and 37.5 percent above. In each of these 
three positions tested, the wins chord plane has a positive incidence 
of 2' with reapect t o  the fuselaee center l i ne .  
wed a t  the wing-fuselage Juncture, 
t ion mounted f o r  tes t ing is shown i n  figure 4, Both wing mfi 
fuselage were constructed of laminated mahopmy, then lacquered and 
sanded t o  obtain aerodynamically smooth ~ w f a c e s .  

No fi l lets were 
The high-wing fuselage Combina- 

, 

Tests were made in  the Langly lgpfoot pressure f.m&el, with 
the wing mounted on a two-support system as shown In figure. 4.  
L i f t ,  dra(g, pitching moment, and rol l ing mozuent were measured fo r  
values of Reynolds number and Mach n p b e r  8s follows: 

R .  M 

3, Ob, 000 

6,840,000 

8,0go,o00 
. I  

The values of Red-olds number were maintained tq  @thin 

Tests of the v&ioua high-l i f t  and stall-control flaps were 

. f40,000 

made with the wing alone at  Reynolds n m b r  values of 3,040,OO and. 
6,840,000. A l l  fuselage-on tests were made with and without s p l i t  
f laps  a t  Reynolds nmber values of 3,040,000 and 8,090,000 Only one 
fuselage-off, flaDs-on t e s t  w a s  made which compared direct ly  with 
the fuselage-on, flaps-on condition (inboard section of flaps 
removed) The Reynolds number value of tha t  t ea t  was 6,8tco,000 and 
the aerodynamic reswlts are believed t o  have practically the sane 
characterist ics a6 those for a higher value of Reynolds nmber. 
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The lift, drag, and pitching-moment characteristics of the 
wing equipped with various high-lift 
presented in figures 5 through 9.  
moment characteristics near maximum 1 are included, The, 
locations of the aerodynamic centers for some of these configurations 
are given in figure LO, 
at a Reynolds number of 6,840,000 are given in table I for comparing 
the effects of the various flaps. Flow condi-tions over the plain 
wing and the wing equipged with the various flaps ase shown in 
figures 11 and 12. ThG lift, drag, and pitching-moment charac- 
teristics for the varioua wing-fuselage combinations are presented 
in figares 13 through IC,.., The pitching-moment coefficients are 
presented not only as a function of ltft coefficients but also, 
at hi& angles of attack, as a function of angle of attack. The 
location of the aerodynamic centem for these fuselage combinations 
at R = 8,090,000 are given in figure 17. Flow condition8 over 
the wing with fuselage are shown in figure 18. 

stall-control flaps are 
ew instances the rolling- In 

Some of the more important characteristics 

High-Lift and Stall-Control Flaps 

The discussion geven in %he following pax-apaphs on the effects 
of the vcirioug flays is based upon data obtained at R = 6,840,000 
unLeas otherwise noted3 

.- The addition of semispan nomnal split f 
from 1.11 to 1.32 and the pitching- 

e 



1*32 ta 1,M, va3,ue of Cm w a s  ah 
but an unstable change' &ill occurred a 
the Reynolds number fmm 6,840,000 to 3 
negative break i n  pftchirq moment at  the stall. 
and 8(+),)  F1 studies &owe& t ha t  the i n i t i a l  a 

inboard from the w i n g  t i p  about 0 . 9  at .R * 6 , 8 b , O O O -  
0.5& a t  .R = 3,040,000. 

. =dinCr;ded.ge flap8,- The addition of leading-edge flaps 
extended the l i f t  curve 80 that  maximum l i f L  occurred a t  a much 
higher m@.e of attack than was observed for  the plain wing. 
(See f ig .  6.) The 0.575$-span and 0.72$-span leading-edge f l a p s  

e q u a  t o  0.12 and 0.18, respectively, gave increases in  C 
but the largest galns resulted when the 0.725#-qan flaps were 
teated i n  coqjunction with the s p l i t  flaps. Wfth normal. s p l i t  flaps 
C k  increased to  1.53, equal t o  a M 
alone t ea t  results o r  0.23 above noma-spl i t - f lap  tekt results.  
TZrith extended s p l i t .  f l aps  C 

&%lax 

(Se 

2 

2 

2 
Lsnax 

of 0.44 above wing- Lmrwt 
increased t o  1.73 equal to a. 

%lax 
of 0.62 above wing-done test resul ts  o r  0.33 above 

extended-aplit-flap t e s t  results.  Ia tes ta  with extended s p l i t  
flaps, where the leading-edge-flap span was redmod from 0.72$ t o  

k 

Lipax decreased from 1.73 t o  1.58. The value of 06: 
wing-done te8t results.  This value was exactly 

increments obtained when each f l ap  wae ' 

Lmax- the s a  af the C 
tested separately. In  eonnection.with t h i s  reduction i n  lift with 
f l ap  span it is interesting t o  note tha t  both the ang3.e of' attack 

were at C h  and the mount of wing area stalled at C 
consideyably less f o r  the shorter-span flap configuration than 
fa$' the longer- span. 9 l a p  conf'iguration . (See f lgs 223: b) and 12( c) 1 

The addition of leading-edge flaps caused no large displacmerita 
i n  pitching mowsnt at; a l l  values of up t o  wlthin 0.1 of C h .  

In  t h i s  same range, i?l slight destabilizing effect was obtained. As 
can be seen from figure 10, large rearward shif te  i n  the aerodynmia 
center occurred Just belowrmxiwun l i f t  and, at the stall, the pitch 
characterist i  e considered sstisfactory. These characteristics, 
differing rad 
leadinped$e 
i n  figures 11 and 12. Without leading-edge flaps, a .sudden stall 

%lax 

Cz 

from the results ~f the wing tested wi 
can%e expxained by the &al% progress 
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i e  possible that r f a  
effect  satfsfacto ch 
too large sacrifice@ i n  l P f t  

Wing-Fuselage Cmibinat i o m  

The presence of the fuselage on the wing with and. without . 
normal s p l i t  flaps had l i t t l e  effect on the l i f t  characteristics 
regardlees of position, 

( f ig s r  13 and 14) . In the basic fuselage-off testa, w k t h  normaf 
spl i t  flaps on, the inboard section of .the flap8 were removed 

L, 
dC&a m a  increased up t o  ,003 and 

were within 0.03 of the wing-alone value8 
%Ilex 

and c czapo 

causing a decrease Ssr cL of 0.10 and C of 0.04. 
aS0 

At low lifts the pitching-molllent c m e s  were displaced by 
increments. in cm of -0.008 t o  -0 with flaps off and -0.018 
t o  -0,024 with flapa on. Also i t ' i s  8een from figure 17 that the 
aerodynamfc center moved forwar& 1.8 percent and 2.8 percent of the 
mean aeroaynarmic chord, flaps off and flaps on, reepectively. 
l lhe most significant influence on any 09 the characteristics was 
the effect  of fuselage position on the forward movement of the 
aerodynamic center new maximum l i f t .  With f laps  off at  CL = 1.05, 
th i s  shift varied from 3 percent of %he mean aerodynam2c chord fo r  
the low-wing position t o  11 percent f o r  the hi&-wing poeition. 
With flaps on at  CL = 1.2, t h i s  sh i f t  with fuselage position was 
from 1.5 t o  4 percent, low-wtng t o  hi&-wing position. 

A8  can be seen from figures 11 an8 18, the stall progression 
wa8 not altered t o  any great degree. A small region of rough flow 
developed at  high lifts on the wing near the fuselage juncture for  
the low-wing flaps-off oombination. 

A t  zero l i f t ,  flaps off, C increased by amounts rangbg 
from 0,0030 (midwing) to  0.0045 ?high wing) . A t  CL = 1, the 
increase in f . ? ~  equaled 0.0050 f o r  dl fuselage positions. With 
flapa on,, the additional. drag contributed by the flap'cut-out 
varied With fuselage position and &isa;ui$ed any fuselage drag 
incremes 

The large forward movsment of the aerodynamic center obtalned 
jus t  below the moment-curve bretik with the high-wing configuration 
a t  R = 8,090,om was not obtained a t  R E: 3 , O b , O O O ,  but a somewhat 
s i m i l a r  shif t  was obtained a t ' a  lower l i f t  coefficient. Except for  
th i s  difference the effects of the fuselage were about the 8ame at 
R = 3,Q4o9000 &nd 8,090,080. 
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region of the msxlmum diameter of the fuselage,la,rge changes in 
the fore-and-dt position of 
effect  ." Because of the geom 
shifts, fore and aft, the wing location should. caus 
aerodynamic changes ( idsd account i s  taken of the 
relat ive loca-bion of the fuselage aerod-ic center) .. 

coPrcL~Io~s 

The main resul ts  for the investigation were as follows: 

1. A t  a Reynold& num3er of 6,840,000, the maximum l i f t  
coefficients of tlle wing with no flaps, yith semlspafl normal sp l i t  
flaps and semispa s p l i t  flaps.hinged a t  the t r a i l i ng  edge of the 
wing were 1.11, I .32, and 1.40, respectively. The corresponding 
values o'btainea by the addition of Oe725-~;3n outboard leading- 
edge flaps were 1.29, 1.57, and 1.73. 

2. The leading-gdge f laps  tested eliminated both the t i p  
stalling aad longitudind ' ins tabi l i ty  tha t  were objained at maximum 
l i f t  with the plain wing, 

3 The outboae-d upper; s u r f k e '  flaps, as .tested, caused a 
large rearward shift i n  aerodynmic -center location but were 
unsatfsfactory became of large reductions in .  l i f t ,  large changes 
i n  t r i m ,  large increases i n  drag, asla no imgrovement of the wing- 
t i p  s ta l l ing  characteristlcs. 

-_ 

4. At Reynolds nm%ers 0's 3,040,000 and. 8,090,000 the fuselage 
in  the low-, middle-, and hi$h-wing positions had l i t t l e  effect on 
l i f t  and stalling, and at low angles of attack, inoved the aerodynamic 
center &ea& as much as 3 percenk o f ' t he  mew aerodynamic cho2d.' 
Near ma;ximum l i f t  and at a Reynolds number of 8,090,000, the fornard 
s h i f t  of the aerodynmic center w i t h  f laps off varied from aBout 

1 .  
t' 
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NACA RM No. L6L27 Fig. 1 

\ 

G 7 3  tine with fuselage 
I L 

NATIONAL ADVISORY 

Aspect ratio = 4.01 ; wing area = 4643 sq in. jM.A.C. 534.71in. 

(AI  I dimensions in inches.) 
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Figure 3.- Leading-edge flap mounted on 40' sweptback wing. 
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NACA RM No. L6L27 Fig. 4b 

(b) Support details. 

Figure 4. - Concluded. 
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ig. 6a NACA RM No. L6L27 
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Fig. 7a NACA. RM NO. L6L27 
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Fig. 9a NACA RM No. L6L27 
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Fig. 10 NACA RM No. L6L27 

Figure 10 .- Aerodynamic-center l o c a t i o n  for var ious  l ead ing -  
edge and t r a i l i n  -edge f l a p  combinations on a 40' swept- 
back wing. R = f,840,000. 
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(a) Flaps off. (b) Normal split flaps on. 

Figure 11.- Stalling characteristics of 40" sweptback 
wing. R = 6,840,000. 

NATWNAL AWSORY 
CMlUlTlif fa uy*LUTKz 



Fig. 12a,b NACA RM No. L6L27 

2.0 
cross flow 

1.6 
H R o u g h  

Cm Completely 
0 CL 1.2 

stollecl 
-.08 .8 

X I I I I I I  
411 I I I I I I 

0 8 16 24 32 0 8  1 6 W 3 2  
a; cc 

NATWNAL AOVISORV 
co*wm m w w t i c s  

(0) 0725b/Z span leading- (b) 0 725 b/z span leading- 
edge flaps on. edge flaps and extended 

split flaps on. 

Figure 12: Stalling characteristics of a 40" sweptbaek 
wing with stall control flaps. R=6,840,000. 
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(d) Upper-surface flaps and 
extended split flaps on. 

Figure 12: Concluded. 
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Fig. 13a NACA RM No. L6L27 
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Fig. 14a NACA RM No. L6L27 
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Fig. E a  NACA RM No. L6L27 
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Fig. 16a NACA RM No. L6L27 
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Fig. 17 NACA RM No. L6L27. 

Figure 17 .- Aerodynamic-center location f o r  various positions 
of a fuselage on a 40° sweptback wing. R = 8,090,000. 
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cross flow H R o u g h  I\\\,\ stalled 

\- 

Flaps off Normal split flaps on 

with fuselage on . R =  8,090,000. 
Figure 18.- Stalling characteristics of 40" sweptback wing 


